OPTICAL PROPERTIES OF AMORPHOUS CuGaxIn25-xTe74 FILMS AND EFFECT OF ANNEALING ON THESE PROPERTIES by D. Ghoneim et al.
IJRRAS 12 (2) ● August 2012 www.arpapress.com/Volumes/Vol12Issue2/IJRRAS_12_2_14.pdf
263
OPTICAL PROPERTIES OF AMORPHOUS
CuGaxIn25-xTe74 FILMS AND EFFECT OF ANNEALING ON THESE 
PROPERTIES
D. Ghoneim, F.M. Hafez, S.N. El-Sayed, N.A. Mohsen & A.M.A. Mahmoud
Faculty of Science, Physics Dept., Al-Azhar University for Girls, Cairo, Egypt
ABSTRACT
The optical properties of amorphous films were studied in the wavelength range (200-2500 nm). Transmittance and 
reflectance measurements were used to calculate the energy gap width, the width of the localized states, and the 
optical constants (n, k, ε′ and ε"). The optical absorption coefficient of the films exceeds 104 cm-1 and the band 
gaps were found to increase from 1.137 eV to 1.339 eV with increasing Ga content, while the width of the tails of 
the localized states increase from 0.055 eV to 0.11eV. These values of Eg correspond to the transition from the 
valence band maximum to conduction band minimum. They are suitable for   the absorption of the photons in the 
solar spectra. Other methods were used to calculate the optical constant. Swanpoeple and graphical methods were 
successively used to determine the thickness of the homogeneous films but the optical constant slightly decreased 
from those obtained by using transmittance and reflectance data. All empirical relations used to estimate the value of 
the refractive index by using the value of the energy gap are in good agreement with the experimental data. By a-
nnealing all samples at 323, 348, 373, 398, 423 and 453oK, the value of the energy gap was affected. It decreased 
with increasing annealing temperature. This is attributed to gradual change from the amorphous structure to the 
partial crystalline structure.
Keywords: Optical properties, CuGaxIn25-xTe74 films, Annealing.
1. INTRODUCTION
Amorphous chalcogenide films have current applications in optical memories, photonic crystals and optics. efforts 
are  being  made  to  develop  chalcogenide-based  rewritable  optical  memories[1,2].  The  optical  properties  of 
amorphous semiconductors have been the subject of many recent papers. It is well known that the optical gap of 
amorphous semiconductors alloys strongly depends on their compositions. The study of the optical constants of 
materials is interesting for many reasons. First, the use of materials in optical fibers and reflected coating requires
accurate knowledge of their optical constants over wide ranges of wavelength. Second, the optical properties of all 
materials are related to their atomic structure, electronic band structure and electrical properties[2]. The structural 
bonding  between  the neighbors  determines  the  optical  properties,  such  as  absorption  and  transmission  of  the 
amorphous material. The general features of the density of states of amorphous solids can be obtained from the 
model proposed by Mott and Davis[3, 4]. Thermal processes are known to be important in inducing crystallization in 
semiconducting chalcogenide  glasses.  Crystallization of  chalcogenide  films is  accompanied by  a change in  the 
optical band gap. Separation of different crystalline phases with thermal annealing has been observed in ternary 
glasses .The effect of thermal annealing is interpreted on the basis of amorphous-crystalline transformation[2].
In the present work we will determine the activation energy , optical band gap, absorption coefficient (α), refractive
index (n) and extinction coefficient (k) for CuGaxIn25-xTe74 film. The optical properties were determined by many 
methods, that is, by using transmittance and reflectance data spectra in the wavelength range 200–2500 nm, and by 
using  Swanpeole  envelope  method  (from  transmittance  only).  Some  optical  constants  can  be  estimated  by 
introducing some empirical relations if the value of the energy gap is known. Then the effect of annealing on the 
optical properties in the temperature range (323 – 453oK) will be studied.
2. EXPERIMENTAL
The compound was prepared in bulk form by the melt quenching method. A mixture of highly pure components Cu, 
Ga, In and Te (99.999% ) in their stoichiometric ratio were weighted and placed in  evacuated silica tube under 
vacuum 10
-6 Torr . The ampoules were heated in a rotating furnace and raised gradually up to 1200 
oC and then kept 
at this temperature for 24 hr to ensure a high degree of homogeneity. The melt was quenched in ice water to obtain 
the film in the bulk form. CuGaxIn1-xTe2 films with thickness 1500 nm were obtained by thermal evaporation onto 
ultrasonically cleaned glass substrate. The evaporation was performed in vacuum by using Edward E306 coating 
unit at low pressures of about 10
-6 Torr to avoid reaction between the vapor and atmosphere and to obtain good 
homogeneous films. During the deposition process all substrates are kept at room temperature. The deposition rate 
was  about  5  Å per  second  at  distance  10  cm  between  the  source  and  the  substrate.  The  thickness  has  beenIJRRAS 12 (2) ● August 2012 Ghoneim & al. ● Optical Properties of Amorphous Films
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investigated by using optical interference microscope. The structural properties of the evaporated CuGaxIn25-xTe74
films were investigated by X-ray diffraction (using X,pert propan analytical diffractometer instrument with copper 
CuKα  radiation  (λ=1.54  Å)).  The  X-ray  diffraction  pattern  was  obtained  in  the  range  10°–90°  (2θ,  0.02°/step 
increments). The transmittance and reflectance of the films were measured in the range 200-2500 nm (UV, visible 
and near infrared) of spectrum using a double beam spectrophotometer (JASCO Corp., V-570, Rev. 1.0, ∆x = -2). 
All measurements were performed at normal incidence and at room temperature. The obtained transmittance and 
reflectance data against incident light wavelength were used to calculate the absorption coefficient and the optical 
constants.
3.    RESULTS AND DISCUSSION
3.1 Structural Properties
Fig.(1) shows X-ray diffraction pattern of the thermally evaporated films. There is no diffraction peaks and the 
samples are found completely in the amorphous state.
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Fig.(1) X-ray diffraction pattern of CuGaxIn25-xTe74 films at room temperature.
3.2  Discussion of the Optical Properties
3.2.1 Transmittance and Reflectance Spectra
From the transmittance (T') and reflectance (R) measurements, the absorption coefficient α is calculated using the 
following relation [5]:
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Where d is the thickness of the film. Tauc, Davis and Mott[6] gave an equation derived independently for the 
absorption coefficient as a function of photon energy in amorphous materials as [7]:
αhν = A(hν-Eg)r                                                                    (2)
Where A is a constant, Eg is the optical energy gap and r is an exponent that indicates the type of the optical 
transmittance (direct or indirect) and the structure feature of the films (crystalline or amorphous). The values of r for 
allowed  direct,  allowed  indirect,  forbidden  direct  and  forbidden  indirect  transitions  are  1/2,  2,  3/2  and  3,       
respectively[ 8]. 
Fig.(2) and Fig.(3) show the spectral dependence of the measured optical transmittance T', and reflectance R. The 
transmittance start at 800 nm and characterized by the presence of interference fringes due to multiple reflection of 
the incident light. These fringes are observed for wavelength higher than 1000 nm. The spectra show that when the 
Ga  content  is  increased  the  absorption  edge  shifts  toward  higher  energies.  From  the  transmittance  (T')  and 
reflectance (R) measurements, the absorption coefficient α is calculated using Eq.(1), the absorption coefficient of 
all films above the fundamental edge is higher than 4×104 cm-1 as shown in Fig.(4). This value is suitable for 
photovoltaic solar cell fabrication [9].IJRRAS 12 (2) ● August 2012 Ghoneim & al. ● Optical Properties of Amorphous Films
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Fig.(2)  Spectral dependence of the measured transmittance at different Ga concentrations of CuGaxIn25-xTe74  
films.
Fig.(3) Spectral dependence of the measured reflectance at different Ga concentrations of CuGaxIn25-xTe74  films
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Fig.(4) Absorption coefficient of all samples at different Ga concentrations of CuGaxIn25-xTe74  films.
The direct fundamental gap (r = 1/2) of the films is extracted from Eq.(2), by plotting (αhν)
2 against hν, and taking 
the linear extrapolation of (αhν)
2 values for each film to zero absorption as in Fig.(5). The other values of exponent r 
(2, 3/2, 3) are indicated in Figures.(6, 7 and 8). We note that, the best fit is obtained at r = 1/2 for allowed direct 
transition as shown in Fig.(5).
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Fig.5 Optical band gap Eg, obtained from the plot of (αhν)
2 versus hν of    CuGaxIn25-xTe74  films
Fig.6 Optical band gap Eg, obtained from the plot of (αhν)
1/3 versus hν of CuGaxIn25-xTe74  films.
Fig.7 Optical band gap Eg , obtained from the plot of (αhν)
2/3 versus hν of CuGaxIn25-xTe74   films.
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Fig.8 Optical band gap Eg, obtained from the plot of (αhν)
1/2 versus hν of CuGaxIn25-xTe74  films
The variation of the fundamental gaps of CuGaxIn25-xTe74 for different Ga concentration is illustrated in Fig.(9). 
Table(1) shows the values of Eg for different composition. As we observe, Eg increases with increasing Ga content. 
These values of Eg correspond to the transition from the valance band maximum to conduction band minimum. They 
are suitable for the absorption of the photons in the solar spectra. 
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Fig.(9) Variation of the optical gap with Ga concentration of CuGaxIn25-xTe74  films.
Table (1) Values of Eg and Ee of CuGaxIn25-xTe74  films.
Sample Eg(eV) Ee(eV)
CuIn25Te74 1.137 0.055
CuGa7.5In17.5Te74 1.184 0.075
CuGa12.5 In12.5Te74 1.226 0.077
CuGa17.5In7.5Te74 1.310 0.107
CuGa25Te74 1.339 0.111
In  amorphous,  as  in  crystalline  materials,  some  useful  information  can  be  deduced  from  absorption  edge 
measurements. Even though, in such materials the edge is less sharp than in crystals. For many amorphous materials, 
an exponential dependence of the absorption coefficient on photon energy hν is found to hold over wide range and 
takes the form [10,11]:
  e E h / exp 0    
(3)
Where αo is a constant, h is the reduced Planck’s constant and Ee is an energy which is sometimes interpreted as the 
width of the tail of the localized states in the normally forbidden band gap. These are associated with the disorder of 
amorphous systems. This relation was first proposed by Urbach [11] to describe the absorption edge in alkali halide 
crystals at high absorption levels. The relation has been found to hold for many amorphous or glassy materials. 
Fig.(10) shows the plot of ln α vs. hν. The values of Ee in Eq.(3) were calculated from the slopes of the straight lines 
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of these curves near absorption edge, and are given in Table (1). From this table we note that, the width of the tails 
increases with increasing Ga concentration, as shown in Fig.(11). 
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Fig.(10) Variation of ln α with the incident energy of CuGaxIn25-xTe74  films
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Fig.(11)Variation of Ee with the Ga concentration of CuGaxIn25-xTe74  films.
The transmittance and reflectance measurements were used to compute the optical constants such as refractive index 
n, real and imaginary parts of the dielectric constants(ε' and ε") and the extinction coefficient k as expressed in the 
following relations:
k = λα/4π                                                                               (4)
                             
2 2 2 2 / k R k R n                                                        (5)
                       
2 2 k n         nk 2                                                             (6)
                                                                                                 
Fig.(12) shows the variation of  k, n, ε' and ε" with hν, each of them follows the dispersion behavior nearly until  1.1 
eV, and then become constant behind this value.IJRRAS 12 (2) ● August 2012 Ghoneim & al. ● Optical Properties of Amorphous Films
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Fig.(12) Variation of k, n, ε' and ε" with hν of CuGaxIn25-xTe74  films.
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3.2.2   Swanepoel’s Method 
The well known Swanepoel’s method was used to calculating the two (real and imaginary) parts of the refractive 
index and the film thickness in the weakly absorbing and transparent regions of the transmittance spectrum[25]. The 
transmittance spectrum is divided into three regions according to their transmittance value namely: the transparent
region, where T' (λ) is greater or equal to 99.99% of the substrate’s transmittance value, T's(λ), the strong absorption 
region, where T' (λ) is typical smaller than 20%, and lastly the absorption region, which lies between the two 
regions. The optical system under consideration corresponds to homogeneous and uniform thin films, deposited on 
thick transparent substrates. The thermally evaporated films have thickness d and complex refractive index nc = 
n−ik, where n is the refractive index and k is the extinction coefficient. The thickness of the substrate is several 
orders of magnitude larger than d, and its refractive index is symbolized by [12,13]: 
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Where T's is the measured glass transmittance [14]. The substrate is considered to be perfectly smooth, but thick 
enough so that in practice the planes are not perfectly parallel and, hence all interference effects arising from the 
substrate are destroyed. The system is surrounded  by air  with refractive index  no = 1. Taking all the  multiple 
reflections at the three interfaces into account, it can be shown that in this case k2<<n2, the transmission T'  [15-17]  
at normal incidence is given by: 
2 ) cos( Dx Cx B
Ax
T
 
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                                                       (8)                      
Where                A=16n2s                        B = (n+1)3(n + s2)
C=2(n2 −1) (n2 −s2)     D= (n−1)3(n−s2)
φ=4πnd/λ          and       x = exp (−αd)
The values of the transmission at the maxima and minima of the interference fringes can be obtained from Eq.(3.9) 
by setting the interference condition cos φ= +1 for maxima T'M and cos φ =−1 for minima T'm: 
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2 Dx Cx B
Ax
TM  
 
                                                              
Minima 
2 Dx Cx B
Ax
Tm  
 
                                                    (9)
According to Swanepoel’s method based on the idea of Manifacier et al.[18], the first approximate value of the 
refractive index of the film, n, in the spectral region of medium and weak absorption can be calculated from the 
following expression:
2 2 s N N n              (10)                    
Where          m M
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Here  T'M and  T'm are  the  transmission  maximum  and  the  corresponding  minimum  at  a  certain  wavelength  λ. 
Alternatively, one of these values is an experimental interference maximum (minimum) and the other one is derived 
from  the  corresponding  envelope.  Both  envelopes  being  computer-generated  using  the  Origin  Lab  (version  7) 
program. If n1 and n2 are the refractive indices at two adjacent maxima (or minima) at λ1 and λ2, then the film 
thickness can be expressed as [13]:
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The absorption coefficient is given by [19,20]:
ave d
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                                                                               (13)
Where x is the absorpance and dave is the average of those thicknesses calculated from Eq. (3.13), x is given by [19]:
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The accuracy of the initial estimation of the refractive index is improved after calculating d, as will be explained 
later. Now, it is necessary to take into account the basic equation for the interference fringes [13]:
2nd = mλave                                                                             (16)
This formula is obeyed by any transmission spectrum  which has interference fringes  where m=1, 2, 3, . . . at 
maximum  points  in  the  transmission  spectrum,  m  =  1/2,  3/2,  5/2,.  .  .  at  minimum  points  in  the  transmission 
spectrum, and d is the film thickness. We can apply this equation in the following manner. First of all, a set of order 
number m for the interference fringes was calculated using Eq.(3.17) where n and λ are the values taken at the 
extreme point of the interference fringes and dave is the average of d from Eq.(3.13). This order number m is rounded 
either to the nearest integer if the n and λ taken were at a maxima or the nearest half-integer if n and λ taken were at 
a minima. It is then used to obtain a new corresponding set of thicknesses d1 by rearranging Eq.(3.17) into:
d1= mλ / 2n                                                                             (17)
A new average thickness dnew from d1 can now be calculated and used for a new refractive index by rearranging 
Eq.(3.18) into:
n1 = mλ/2d1                                                                             (18)
3.2.2.1   Results of Swanepoel’s Method  
The transmittance spectrum with the upper and lower envelopes of all the films are shown in Fig(13). The calculated 
parameters  according  to  Swanepoel’s  method  are  indicated  in  Table(2).  We  can  observe  that,  only 
CuGa12.5In12.5Te74 film has a homogenous interference pattern with multi-interference fringes while the other 
films have not. So, CuGa12.5In12.5Te74 gives the correct thickness and values of optical constants similar to that 
obtained above. The optical constants n and k and the energy gap of CuGa12.5In12.5Te74 according to Swanepoel’s 
method are represented in Fig.(14). Each of n and k follow the dispersion behavior expected with the wavelength, 
while the energy gap is obtained from the plot of   (αhν)
2 vs. hν. We see that, the film has a direct band gap which 
agrees with the above results but the value of the energy gap is small.IJRRAS 12 (2) ● August 2012 Ghoneim & al. ● Optical Properties of Amorphous Films
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Fig.(13) Transmittance spectra with the upper and lower envelopes of CuGaxIn25-xTe74  films.
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Table(2) Calculated parameters according to Swanepoel’s method of CuGaxIn25-xTe74  films.
n1 d1 m d n T'm T'M (nm)λ Sample
3.14 1445 4 1629 3.242 0.444 0.992 2344 CuIn25Te74
3.16 1471 4.5 1634 3.211 0.446 0.972 2100
3.19 1479 5 1580 3.218 0.443 0.964 1904
3.20 1498 5.5 1725 3.193 0.440 0.927 1740
3.25 1495 6 1585 3.242 0.422 0.890 1616
3.26 1529 6.5 1331 3.187 0.404 0.776 1500
3.33 1507 7 1515 3.297 0.355 0.661 1420
3.32 1499 7.5 1462 3.310 0.300 0.497 1324
3.44 1508 8 - 3.410 0.225 0.332 1286
1.51 3325 3600 1.74 Average
3.41 843.5 2.5 944 3.45 0.404 0.996 2328 CuGa7.5In17.5Te74
3.44 849.0 3 842 3.45 0.400 0.982 1956
3.5 870.1 3.5 1116 3.43 0.396 0.937 1708
3.54 847.4 4 1175 3.56 0.364 0.877 1512
3.61 - 4.5 944.6 3.36 0.349 0.674 1370
3.72 - 5 3.53 0.279 0.499 1270
3.47 865 1019 3.46 Average
3.14 1445 4 1629 3.242 0.444 0.992 2344 CuGa12.5In12.5Te74
3.16 1471 4.5 1634 3.211 0.446 0.972 2100
3.19 1479 5 1580 3.218 0.443 0.964 1904
3.20 1498 5.5 1725 3.193 0.440 0.927 1740
3.25 1495 6 1585 3.242 0.422 0.890 1616
3.26 1529 6.5 1331 3.187 0.404 0.776 1500
3.33 1507 7 1515 3.297 0.355 0.661 1420
3.33 1499 7.5 1462 3.310 0.3 0.497 1324
3.43 1508 8 - 3.410 0.225 0.332 1286
3.52 1495 8.5 - 0.189 0.267 1236
3.28 1494 1558 3.282 Average
3.46 784.9 2 501.5 3.00 0.467 0.879 2358 CuGa17.5In7.5Te74
3.54 714.3 2.5 701.8 3.37 0.367 0.749 1930
3.56 660.5 3 677.8 3.67 0.304 0.643 1618
3.63 710.7 3.5 311.2 3.47 0.271 0.457 1412
3.76 664.7 4 501.5 3.85 0.201 0.332 1280
3.61 680 550 3.66 Average
3.99 1090 3.5 703.0 3.366 0.407 0.929 2098 CuGa25Te74
3.50 897 4 844.8 3.583 0.364 0.892 1608
3.29 971 4.5 - 3.112 0.35 0.573 1344
3.26 886 5 - 3.384 0.251 0.387 1200
3.52 918 774 3.36 Average
                              (a)                                                                (b)                             
Fig.(14) Optical constants n and k and the energy gap of CuGa12.5In12.5Te74 according to Swanepoel’s method.
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3.2.2.2 Graphical Method
The thickness of the investigated films can be obtained from the graphical method. This method was applied using 
the basic equation for the interference fringes 2nd = mλ, by which the interference conditions can be written as [13]:
l/2 = 2d (n/λ)-ml                                                                     (19)
Where l = 0, 1, 2, 3, . . . for the successive tangent points starting from the long-wavelength end, and m1 is the order 
number of the first (l = 0) tangent point considered, while m1 is an integer for a maxima or half-integer for  a 
minima. Plotting l/2 versus n/λ yields a straight line with slope 2d and cut-off on the y-axis of  m [13, 21]. 
This method gave accurate film thickness with value 1498 nm which is calculated from the slope of Fig.(15).
Fig.(15) Relation between l/2 and n/λ of CuGa12.5In12.5Te74 films by using graphical method.
3.2.2.3 Dispersion Relations 
The improved values of n obtained from Swanepoel’s method can be fitted to a function such as the two-term 
Cauchy dispersion relationship [21,22]:
n(λ) = a + (b/λ2)                                                                    (20)
By plotting the relation between n and 1/λ2 we can determine the constants a and b. Using these constants, we can 
find  the  value  of  n  at  any  wavelength.  Fig.(16)  shows  the  refractive  index  dispersion  spectrum  for   
CuGa12.5In12.5Te74 film. Solid curves are determined according to Cauchy dispersion relationship [22].
Fig.(16) The refractive index dispersion spectra of CuGa12.5In12.5Te74  film. Solid curves are determined 
according to Cauchy dispersion relationship.
There exists a popular model or equation describing the spectral dependence of refractive index n in a material 
called Wemple-DiDominico or the single oscillator model. It is a semi-empirical dispersion relation for determining 
the refractive index at photon energies below the inter-band absorption edge. It is expressed as [23]:
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Where υ is the frequency, h is the Planck’s constant, Eo is the single oscillator energy and Ed is the dispersion 
energy which measures the average strength of inter-band optical transitions. By plotting (n
2 - 1)-1 vs. (hν)
2 and 
fitting straight line, Eo and Ed can be determined from the intercept Eo /Ed and the slope (Eo-Ed)-1. Eo is considered 
as an average energy gap. Empirically, Eo=CEg(D), where Eg(D) is the lowest direct bandgap and C is a constant ≈ 
1.5 [23]. There is another good approximation related to the optical band gap that Eo≈ 2Eg [12,24]. In some cases 
Eo≈ Eg [25].  The final values of the refractive index obtained from Cauchy dispersion relationship can be fitted to 
Wemple–DiDomenico (WDD) equation. For CuGa12.5In12.5Te74 film, the calculated values of Ed, Eo and Eg are 
19.6, 2.315 and 1.16 eV respectively.  These values are determined from the slope and the intercept of     (n2-1)-1 
vs. (hν)
2  as in Fig.(17). 
Fig.(17) The relation of (n
2-1)-1 vs. (hν)
2   for CuGa12.5In12.5Te74
3.2.3   Empirical Relations 
A considerable amount of empirical work has been done during the last few years on solid-state properties of binary 
and mixed semiconductors to understand important  properties such as optical, electronic and thermal properties. 
Empirical concepts such as valence electron, empirical radii, electronegativity and ionicity are directly associated 
with the character of the chemical bond and thus provide means for explaining and classifying many basic properties 
of molecules and solids. In many cases empirical relations do not give highly accurate results for each specific 
material, but they still can be very useful. In particular, the simplicity of empirical relations allow a broader class of 
researchers to calculate useful properties. In the present study, some formula  relating Eg with n [26-34].
For a class of semiconductors, Moss [27, 28] has proposed the following relation, which reads as follows:
n
4Eg = 95 (22)
Another suggestion of  Moss to improve the relation is[29]:
n
4Eg = 173 (23)
Recently, Reddy and Nazeer, made a development of the moss relation, where they have proposed an empirical 
relation between the energy gap and refractive index, and tested its performance in more than 100 materials. This 
relation is given as [26]:
n
4(Eg - 0.365) = 154 (24)
The present empirical relation cannot be applied when Eg ≤ 0.36 eV and therefore cannot be applied for some 
classes of semiconductors such as lead salts. Ravindra et al. [30,31] proposed another linear relationship, namely:
n= 4.084 - 0.62 Eg                                                                 (25)                                                                                                         
A simple empirical  formula relating the energy gap (Eg) with the optical electronegativity (Δχ*) for the binary 
systems has been introduced by Duffy [32,33]:
Δχ* = 0.268 Eg (26)
Where  Eg is  the  energy  gap  (eV)  and  Δχ*  =  (χ*anion−  χ*cation).  χ*anion−  χ*cation  are  the  optical 
electronegativities of the anion and cation respectively [26]. In the case of ternary and complex systems, the Δχ 
estimation is somewhat difficult. In order to overcome the difficulty, the authors  have chosen Eq.(26). For the 
calculation of the optical electronegativity of complex systems. The total optical electronegativity difference can 
also be estimated for ternary and complex systems using the above equation by substituting the known fundamental 
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energy gap values. Recently, Reddy and Nazeer [34] have proposed an empirical relationship between refractive 
index and optical electronegativity which is given by:
n=-ln(0.102 Δχ*) (27)
The calculated values of n from the above empirical relations are indicated in Table(3) for the films (note that, 
Eq.(22) is indicated as Moss1, Eq.(23) as Moss2, Eq.(24) as Reddy1, Eq.(25) as Ravindra and Eq.(27) as Reddy2). 
All equations have the same behavior, that n decreases with increasing Ga concentration, which is in agreement with 
the experimental data for the films. 
Table(3) The calculated values of n estimated from the empirical relations for the CuGaxIn25-xTe74 films
Eg Moss 1 Moss 2 Ravindra Reedy 1 Reddy 2
1.13 3.517563247 3.028038 3.3834 3.474353 3.71045
1.18 3.479693757 2.995438 3.3524 3.431056 3.652184
1.22 3.450814134 2.970578 3.3276 3.397719 3.608697
1.31 3.389953194 2.918187 3.2718 3.326543 3.519525
1.34 3.370818169 2.901715 3.2532 3.303901 3.492134
  
Fig.(18) The calculated values of n estimated from the empirical relations for the film samples of CuGaxIn25-xTe74 
system.
3.2.4   Effect of Annealing on the Optical Properties
The annealing was performed under vacuum for 3 hrs. Figures (19) to (23) show the variation of the energy gap at 
each annealing temperature. The values of the energy gaps after each annealing temperature are calculated in Table 
(4). We observe that the value of the energy gap decreases with increasing annealing temperature which is attributed 
to gradual change from the amorphous structure to the partial crystalline structure. The variation of the energy gap 
with Ga concentration at room temperature and after annealing at 453oK is shown in Fig.(24).
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6
n
G a concen tration
 E xp re m inta l
 M oss 1
 M oss 2
 R a vin d ra
 R e d dy 1
 R e d dy 2IJRRAS 12 (2) ● August 2012 Ghoneim & al. ● Optical Properties of Amorphous Films
277
(

h

)
2
(
c
m
-
1
 
e
V
)
2
0.8 1.0 1.2 1.4
0
1x10
13
2x10
13
3x10
13
4x10
13
5x10
13
6x10
13
7x10
13
8x10
13
CuIn
25Te
74
323
o K
348
o k
373
o K
398
o K
423
o K
453
o k
h(eV)
Fig.(19) Variation of the energy gap at each annealing temperature   of  CuIn25Te74 film.
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Fig.(20) Variation of the energy gap at each annealing temperature of CuGa7.5In17.5Te74 film.
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Fig.(22) Variation of the energy gap at each annealing temperature of CuGa17.5 In7.5Te74 film.
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Fig.(23) Variation of the energy gap at each annealing temperature of CuGa25Te74 film.
Fig.(24) The variation of Eg with Ga concentration at room temperature and after annealing  at 453 for CuGaxIn25-
xTe74 films.
Table(4) The calculated values of the energy gaps after each annealing temperature of  CuGaxIn25-xTe74 films.
Samples
Eg  (eV)
R.T.   
(
oK)
323   
(
oK)   
348
(
oK)
373   
(
oK)
398
(
oK)
423
(
oK)
453
(
oK)
CuIn25Te74    1.13 1.4 1.08 1.03 0.98 0.94 0.90
CuGa7.5In17.5Te74 1.18 1.19 1.06    1.02 0.98 0.92 0.89
CuGa12.5 In12.5Te74    1.22 1.21 1.13 1.08 1.02 0.99 0.98
CuGa17.5In7.5Te74    1.31 1.24 1.17 1.10 1.04 1 .94
CuGa25Te74 1.33 1.245 1.18 1.11 1.08 1.03 0.98
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4.    CONCLUSION 
The optical absorption coefficient of the films exceeds 104 cm
-1 and the band gaps were found to increase from 
1.137 eV to 1.339 eV with increasing Ga content, while the width of the tails of the localized states increase from 
0.055 eV to 0.1 eV. These values of Eg correspond to the transition from the valence band maximum to conduction 
band minimum. They are suitable for the absorption of the photons in the solar spectra.
Swanpoeple and graphical methods were successively used to determine the thickness of the homogeneous films but 
the optical constant slightly decreased from those obtained by using transmittance and reflectance data. All the 
empirical relations used to estimate the value of the refractive index by using the value of the energy gap are in good 
agreement with the experimental data. By annealing all samples at 323, 348, 373, 398, 423 and 453
oK, the value of 
the energy gap is affected. It decreased with increasing annealing temperature. This is attributed to gradual change 
from the amorphous structure to the partial crystalline structure.
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